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Abstract 
Much of the work within the information systems discipline has an implied focus on the science aspect of 
the area of research known as design science. However, the design aspect is often regarded as an 
obvious and straightforward activity.  To the contrary, design is a complex and creative human activity 
that arises in many different disciplines, including architecture and engineering.  This research focuses 
on articulating the significance of “design” in design science research. It proposes a 3-layer framework 
that clarifies the relationship between design and research.  This framework provides the basis for 
developing a set of guidelines that helps distinguish different levels of design and research and 
highlights the knowledge goals for each level.  Doing so unpacks the dual notions of design and science 
in a way that illuminates the design aspect within design science research, leading to a deeper 
understanding of how to conduct and apply such research.  
 
Keywords: Design science, design process, architecture, design knowledge, patterns, framework, 
guidelines, designer, rigor and relevance 
Introduction 
Research in design science recognizes the effort undertaken by researchers attempting to analyze and 
understand problems of a “wicked” nature that are addressed by creating and evaluating 
artifacts.  However, in the struggle to establish rigor in information systems design science research, the 
focus on the science component has eclipsed the important role of the design component.  Design has its 
fundamental notions and principles rooted in other academic fields such as architecture, which have 
existed for a long time (Court, 1997; Groat & Wang, 2002).  Design is, of course, both a noun and a verb.  
In this paper, we refer to design as a verb. 
Design science as its name implies, incorporates a duality between design on one hand and science on the 
other.  Recognizing both the design and science aspects of this kind of research indicates that there is a 
need to understand both of these aspects and their roles in order to appreciate their duality and, thus, how 
each can contribute to meaningful work in design science.  The science-centric view is most commonly 
reflected in the IS literature and generally recognizes knowledge as a more collective and shared property.  
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This science-centric view marginalizes the fundamental primacy of the designer’s knowledge, widely 
acknowledged in the design literature. 
The objective of this research, therefore, is to analyze this duality of design science research in 
information systems by applying the fundamentals of design principles in root design disciplines such as 
architecture.  The contribution of this work arises from the deeper understanding of the interplay between 
collective knowledge (privileged in the scientist view) and individual knowledge (privileged in the 
designer view). This understanding enables us to discover and articulate multiple levels of design science 
research, each with its own domain, purpose and goals.  This, in turn, clarifies the differences between 
different kinds of research that inhabit the design science paradigm, and helps clarify their alternative 
forms. 
This research compares the different ways in which design activities apply knowledge using the 
terminology found in the research literature. For example, the terms “design science” and “design 
research” are often used synonymously, making it no longer practical to distinguish these terms in any 
universal way.   
As a discipline, design research can be traced back to the study of design methods in the early 1960’s with 
roots in operations research (Cross, 2007).  Design science is usually grounded on Simon’s (1996) Science 
of the Artificial.  Within a decade of these developments, some of these founders grew critically concerned 
that design was becoming over-rationalized by the focus on methodology and the scientific (Cross 2007).    
Within the field of information systems, it is timely to review recent progress in design science 
developments from a similar critical perspective.  Drawing from other applied design sciences, such as 
architecture and engineering, we find that it is important to retain a balanced respect for both the role of 
science, and the role of the designer’s knowledge in the creation of a designed artifact. Design science 
combines design theory and design knowledge. The contribution of this research is to elucidate the role of 
“design” in design science, thus articulating and unpacking the design aspect from the science aspect to 
derive a 3-level framework for defining the relationship between design and research.  A more 
parsimonious understanding of this relationship will help design researchers to more clearly set their 
objectives and identify their knowledge requirements when planning and conceptualizing their design 
research process. 
This paper proceeds as follows.  First we explain the duality in design science research that is represented 
by the relationship between design and knowledge.  We anchor this explanation to concepts known in the 
fields of architectural design, knowledge management, software engineering, and theory development. 
Because design knowledge emerges as a key component of the design process, we then develop a 
framework explicating three levels in the knowledge relationship of design and research. Based upon this 
framework, we identify a set of nine guidelines for guiding the design activity at each of these three levels 
of design science research. 
Design and Knowledge 
The study of design is much older and widely developed than design science.  Even for design narrowed 
information systems, an encyclopedic review of design is beyond the scope of a single article.  Major areas 
of interest include:  design involving the cooperation or participation of users (e.g. Ehn 1988; Kensing 
2003; Kyng 1991; Mumford and Weir 1979); designing systems for practical usefulness (e.g. Norman 
1983; Norman 1988); and design thinking, creativity, and innovation (e.g. Brown 2008; Papantonopoulos 
2004; Wylant 2008).   Most observers of the design process recognize it is messy or disorderly: difficult, 
multi-dimensional, and problematic. It defies an easy description, such that design process reviews in 
software engineering often represent a “faked rationality” (Parnas and Clements 1986).  
One fundamental way to study design is to understand and analyze how central the designer’s knowledge 
is to the design process (e.g. Tiwana and Ramesh 2001). This is because knowledge is fundamental to 
design processes, regardless of whether the processes are analytic or synthetic; symbolic or real; based on 
theory or based on practice. Furthermore, there are different ways to classify the many forms of 
knowledge.  Owen (1998), for example, separates design knowledge into analytic versus synthetic as 
shown in Figure 1. Then, it becomes obvious that knowledge building and knowledge use are the key 
design activities leading to discovery and invention.  
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Figure 1.  Design knowledge (from Owen 1998) 
 
Because of its generative and creative aspects, no design activity can be carried out without knowledge 
being central.  This centrality also extends to the kind of analytical design process embodied by heuristic 
design such as that described by Van Aken’s adaptation of technological rules to design practice.  Even 
within the design science research framework of rigor versus relevance, as shown in Figure 2, the role of 
knowledge is important.  However, comparing Figure 1 with the more scientific orientation in Figure 2 
(Hevner 2007) demonstrates how the centralization of knowledge is a distinction between the design 
aspect and the science aspect of design science research.  In the latter, a collective scientific, knowledge is 
marginalized, whereas construction and evaluation becomes central.  In the former, a more individual 
knowledge is centered, while construction is marginalized. This contrast in the centrality of making versus 
the centrality of designer knowledge embodies a contrast between the design view and the science view 
encapsulated by design science research.  It is an important duality that helps shape design science 
research as a paradigm.   
 
Figure 2.  Three cycle view of design science research (from Hevner 2007) 
Requ irem ents
Design
Cyc le
Re levance  Cyc le R igor Cycle
K now ledge BaseE nv ironm ent
A pplication
Dom ain Foundations
A dd itions  
G rounding
Fie ld Testing
Design  S cience
Research
B uild /Design A rtifacts
Eva lua te
C riter ia
K now le dg eIn qu iry  p arad ig m A pp lica t io n  p arad igm
A na ly ticS yn th etic
(R e a lm  of  theo ry )(R e a lm  o f  p ra c tice)
F ind in gD iscoveryIn ven t io n
K now le dg e u s in g
K now le dg e b u ild ing
K now le dg e  u s in g
K now le dg e  b u ild ing
M ak ing
W orks P ro posa ls
T h eory
M easu res
P rinc ip le s
General Track 
4 Thirty Second International Conference on Information Systems, Shanghai 2011  
 
Perhaps because of the need to establish rigor in design science research, there is much work in 
information systems in which the science-centric view is the principal aspect of the duality.  Many 
researchers in information systems have undertaken efforts to formalize the main concepts and 
requirements for design science research within the information systems community (e.g. Gregor 2006; 
Hevner et al. 2004; March and Smith 1995; Markus et al. 2002; Nunamaker et al. 1990/1991; Purao 
2002; Vaishnavi and Kuechler 2004; Walls et al. 1992).  There is certainly also a prodigious body of 
information systems research on design (e.g., Brooks 2010; Churchman 1971; Coyne 1995; Gause and 
Weinberg 1989; Kensing 2003; Mumford and Weir 1979).  Perhaps because this design aspect is taken-
for-granted in design science research, there is very little work that elaborates design within the design 
science research context.  There is a need to bring this work into some balance with a design-centric view.  
A starting point is to “unpack” this duality, by analyzing the design-centric view that currently exists as 
the marginalized, non-principal aspect of the duality.  
Design Activity  
Design activity is a complex task.  Ralph and Wand (2009) provide an extensive analysis of some 30 
definitions of design (as a verb), uncovering elements such as creation, planning, organizing and 
optimizing.  It is a goal-driven human activity inhabited by requirements and constraints.  It involves 
understanding the problem requirements, utilizing the designers’ knowledge and experience, evaluating 
alternatives and formulating a design solution. The role of knowledge in the design process is ubiquitous.  
Knowledge serves as both the input to and the outcome of the design activity.  Thus, the design activity 
relies upon the application of the designers’ knowledge of the design domain, design process and design 
strategies as well as their experience and creativity in providing the best design solution, based upon the 
requirements, existing solutions, and constraints.   
The design process itself helps augment the designers’ existing knowledge and experience with the 
knowledge and experience gained during the design activity. Thus, in addition to a design solution, the 
outcome of the design experience is also the creation and acquisition of knowledge.  Figure 3 represents 
the relationship between design and knowledge.  It shows the design activity and the pervasiveness of 
knowledge in the design process.  It also indicates how the designer draws upon and applies knowledge 
and how knowledge is created as an outcome of the design activity. A designer, when presented with a 
design task, participates in the design activity which involves him/her relying on previous domain 
experience as well as the process knowledge the designer possesses, knowledge from other domains and 
general knowledge.  In addition, the designer can draw upon domain theories, design patterns, design 
rationales, which are discussed below. 
 
Figure 3. Relationship between Design and Knowledge 
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Designer Knowledge  
Designer knowledge forms the basis of the designed artifact and is brought into the design activity by the 
designer, making it crucial to the design process.   “The underlying axiom of the (design) discipline is that 
there are forms of knowledge special to the awareness and ability of a designer, independent of the 
different professional domains of design practice” (Cross 1982, p. 224).  The significance of the designer’s 
role in design has been explicitly acknowledged in architecture  (Groat and Wang 2002). 
Engineering design knowledge is held by the designer is a result of an appreciation of the area and 
environment in which the designer works (Ferguson 1992).  For engineering design, the knowledge 
concepts are generated from inventions, theoretical engineering research, and experimentation and trials, 
whereas practical considerations arise from design practice, production, and trial (Vincenti 1990).   
Since the research reported in this paper is inspired by an architectural and engineering perspective, it 
focuses on the significance of the “design” component of design science, which is based upon the design 
knowledge held by the designer.  Depending on the individual involved, different types of knowledge can 
to be brought to the design activity for the design domain.   
Design activity is tightly related to human creativity and innovation. This may be why research into the 
design activity centralizes the designer’s knowledge.  There are many different design knowledge 
concepts, each of which has been applied in different ways and for different purposes (Ralph and Wand 
2009).  There can also be many kinds of design knowledge. Architectural and engineering thought 
commonly identifies at least three distinct kinds of design knowledge (Court 1997; Ullman 1992).  
Designer knowledge includes: 1) General knowledge, 2) knowledge about the domain in which the 
designer is working, and 3) design process knowledge.  These categories are drawn mainly from work in 
architectural and engineering design research (Court 1997; Groat and Wang 2002; Ullman 1992) and 
form the basis for our framework.  
This is not an exhaustive list of the kinds of design knowledge required in information systems design. 
However, the foundations in architectural research, engineering, and information systems suggest that 
these categories are at least among the most important kinds of knowledge that should be taken into 
consideration.  Because these design knowledge categories are entailed in information systems design, 
these are also necessarily entailed in the design aspect of design science research. When considered 
collectively, they portray the central role of design knowledge in the design activity. Each of these 
categories and their significance to design science is described below. 
General Knowledge 
Designers gain this kind of knowledge through everyday experiences and their general education. While 
each individual’s general knowledge is different, it is often knowledge that is shared with a wide variety of 
other individuals who apply this knowledge in many diverse domains.  For example, the designer of a taxi 
dispatching system will possess general knowledge gained as a passenger in taxis, knowledge about motor 
vehicles, traffic laws, general knowledge about driving, etc. 
It is important to recognize general knowledge because it contributes to the individual traits of the 
designer. However, it is tangential to our purpose in this paper.  It is beyond our scope to delve into any 
detailed analysis of the of designer’s general knowledge. 
Domain Knowledge 
Every design setting involves a domain, or sphere of knowledge, influence or activity.  The scope of this 
domain is highly situational.  For example, a design domain could encompass computer software for 
dispatching taxis to origins and destinations.  Into this design domain, every designer brings a different 
background.   
Designers gain this kind of knowledge through their study of, and their experience with the specific design 
domain.  Again, each designer’s domain knowledge is individual, but related to the design of the technical 
system for the problem at hand.  Such knowledge is often shared with others working in the design 
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domain, even with those who are not involved in the design activity.  For example, the designer of a taxi 
dispatching system may develop knowledge about vehicle route identification, geographic locations with 
high passenger density, vehicle fleet refueling and maintenance contracts, etc.  Such domain knowledge is 
also likely found among taxi drivers and taxi managers.  Because the domain includes computer software, 
the domain knowledge extends to operational knowledge about hardware and software products in the 
area, taxi electronic products, and even software behavior.  Such domain knowledge might be shared with 
computer programmers or operators involved in taxi systems. 
Design Domain Theories 
Designers often draw on specific theories about their design domains.  Design domain theory is a hybrid 
theory that bridges cognitive science and software engineering and can be used in conjunction with the 
design of information systems (Sutcliffe and Maiden 1998).  Design domain theory “aims to assist design 
for reuse by providing a set of abstract models to guide analysis and assist design for reuse with design 
rationale and generic requirements”  (Papamargaritis and Sutcliffe 2004, p. 110).  Moreover, information 
systems design domain knowledge often extends to the application domain.  For example, designing an 
accounting information system requires domain knowledge in accounting theory.  Designing a 
manufacturing requirements planning information system requires domain knowledge in manufacturing 
operations theory. 
Domain theory contends that design knowledge lies within the cognitive ambit of the individual. The 
experiential backgrounds of the designers link directly to their design contributions. More experienced 
designers are able to contribute more; less experienced designers contribute less.  Domain knowledge 
combines knowledge and experience acquired through practice over a period of time.  The accrued 
knowledge can be abstracted into a generic form and reused (Prieto-Diaz 1990). This provides the link to 
domain theory, which also presumes a similar experiential rationale for design expertise (Sutcliffe and 
Maiden 1998). 
Design Process Knowledge 
Developing design plans depends on the designer’s prior experience with the design solution and the 
designer’s ability to associate pre-existing plans and the design problem at hand (Robillard 1999).  
Designers gain this kind of knowledge through their study of, and experience with, the task of designing 
within a given enterprise. While individual designers will differ in their exact knowledge about the design 
process, it would be shared with others who engage in making similar designs.  Design process knowledge 
is related to the design process at hand (knowledge about  a general strategic  approach to designing, 
knowledge about tactics and methods for designing,  knowledge about design processes, knowledge about 
using working means, knowledge about previous design outcomes, etc.).  For example, the designer of a 
taxi dispatching system will have knowledge about the procedure and process for making software 
designs, such as the process of making UML diagrams, flowcharts, scenarios, etc.  Such process 
knowledge might be shared with other software designers, even those working in design domains other 
than taxi dispatching. 
Design Rationale 
The design process usually involves explicit or implicit design rationales.  These define the basis of design 
of an artifact. "Design rationales include, not only the reasons behind a design decision, but also the 
justification for it, the other alternatives considered, the tradeoffs evaluated, and the argumentation that 
led to the decision" (Lee 1997, p.78).  It is important in explaining why design has its characteristics and 
why some features are included in a design and others are not.  Recording the chain of design decisions 
leading to the development of software provides a better understanding of the software, thereby enabling 
effective re-use of software components (Prieto-Diaz 1990).  Design rationales assist in the decision 
making process and in reducing the time required for future development. According to Lee (1997), 
design rationales help provide “greater design support, … aid in design re-use and ultimately provide a 
learning tool for evaluating design”.  Thus, design rationales are an invaluable aid during the design 
process and subsequent to it. The need to record the reasoning behind design decisions includes a 
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“generic model for representing design decisions” (Potts and Bruns, 1991).  There has been sustained 
interest and efforts by both researchers and practitioners in researching, extending and refining 
frameworks, models, and tools pertaining to design rationales (Conklin and Yakemovic 1991; Klein 1993; 
Kruchten et al. 2006; Potts 1996; Ramesh and Dhar 1992; Shum and Hammond 1994). Oinas-Kukkonen 
(1998) provides a representative example of research design of a design rationale tool.  
Design Patterns 
In the process of the design activity, designers draw upon their knowledge, experience, and expertise of 
the design domain. A large proportion of design activity, therefore, includes reusing and reworking 
existing designs.  In information systems, such knowledge about previous designer outcomes exists 
prevalently in the form of design patterns (Fach 2001; Vaishnavi and Kuechler 2007).  Patterns are well-
accepted and effective in software engineering because such knowledge is gained through design 
experience an can be reused for new designs through the structural specification of system architectures 
(Shaw 1991). The basic notion is that there are fundamental elements in designs.  A design pattern names, 
labels, abstracts, and identifies the key aspects of a common design structure that make it useful for 
creating a reusable object-oriented design (Gamma et al. 1995).   
At its simplest level, design patterns are metaphors for a reusable behaviors and structures that have 
occurred in previous design activities (Fach 2001). Patterns invite experiential reuse that provides the link 
to design knowledge. Patterns do not require limitation of the designer’s creativity (Goel 1997; Schmidt et 
al. 1996), nor do they require the automation of design. Instead, they emphasize the aspects that are 
quintessential to human knowledge transfer. The idea of re-use of the elements of the design itself is a 
desirable one. For example, Service Oriented Architecture is a high-level design architecture aimed at 
providing reuse to developers.  The services one chooses could have patterns that are related (Schmidt 
1995). 
Summary 
The three-category classification of designers’ knowledge is usefully simple, but of course not exhaustive, 
nor mutually exclusive with any rigor.  For example, in some analyses, design process knowledge can be 
regarded as the combination of general and domain knowledge (Ullman 1992).  However, the terminology 
does allow us to improve our understanding of three levels in the relationship between design and 
research in design science research.  These three types of design related knowledge are summarized in 
Table 1.  The table also provides a brief description and an example. 
 
 Table 1: Classification of Designer Knowledge 
Types of Design Knowledge Description Examples 
Gained from everyday 
experience 
General Knowledge 
Acquired by the non-expert in 
the design  domain 
A software designer is called to develop a banking 
system for a bank in the U.S. His/her knowledge as a 
consumer of the banking domain (e.g. personal bank 
accounts) demonstrates general knowledge. 
Gained from study/ 
experience in specific design 
domain 
Domain Knowledge 
 
Acquired by the expert in the 
design domain 
To design a banking system, the designer needs to 
possess domain-specific knowledge about the 
processing of bank transactions, the organization of 
bank operations, and perhaps extending to 
operational computing knowledge such as 
programming and database principles.  
Gained from training or 
experience designing  
Design Process Knowledge 
 
Acquired by designers for the 
design tasks at hand. 
To design a banking system, the designer needs to 
know how to go about making system designs, the 
definition of requirements and their translation into 
software specifications.  The designer must know 
about the process of making such a design. 
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Design and Research 
Information systems, like many other disciplines, take for granted the distinction between practice and 
research (Robey and Markus 1998).  Research approaches such as action research and design science blur 
these distinctions by integrating the two activities.  Information systems design science, like architecture, 
recognizes two different ways relate design and research.  For example, in architecture, Groat and Wang 
(2002) distinguish design-as-research from research-about-the-design-process.  In the former, in a mode 
quite similar to action research, we use the venue of a design problem as a means for studying the 
problem and the grounds for its solution.  In the latter, we inquire into the design activity in order to 
understand design processes (Groat and Wang 2002). 
However, architecture also recognizes a third relationship between research and design that is not as well 
recognized in information systems.  This relates research to design as a practical means to improve the 
design outcome.  Its prevalent form in architecture is known as environment-behavior research (Zeisel 
2006) or architectural programming (Mittleman 2009).  Designers use rigorous research methods in a 
disciplined inquiry into the mission and objectives of the relevant people in order to “program” an 
efficient and functional built environment (Preiser 1985).  Designers organize “their inquiry as research 
and their design as inquiry” using primary methods such as “observing people and environments, asking 
questions in interviews and questionnaires, and using data and plan archives” (Zeisel 2006, p. 14).  
Research-as-a-means-for-design is present in IS practice in the form of scientifically rigorous 
requirements analysis (e.g. Kelder and Turner 2005, discussed below), along with design science work in 
which researchers and designers often collaborate (e.g. Aaen 2008; Weedman 2008). 
These distinctions are represented in Table 2 as a three-level taxonomy of design activities (as related to 
research activities). Although there are multiple ways to consider the relationship between design and 
research, understanding and analyzing these should lead to useful guidelines for carrying out research 
that focuses on design.  
• Level 1: Designing with Research (research-as-the-means-for-design) (Zeisel 2006) 
• Level 2: Research into Design (research-about-the-design-process) (Groat and Wang 2002) 
• Level 3: Design as Research Methodology (design-as-research) (Groat and Wang 2002) 
These levels are based upon the degree of research as the output of the design process, in relation to the 
degree of the design activity that produces scientific knowledge.  At Level 1, the significant overall output 
is the result of the design activity that produces domain knowledge.  At Level 2, the significant overall 
output is rather balanced, producing research about the design activity and adding to design process 
knowledge.  Simon’s work is an example of Level 2.  At Level 3, the significant overall output is the result 
of the research activity and enhances domain knowledge.  Each level is described and exemplified in more 
detail below. 
 Table 2. Three-Level Design framework 
 Level 1 
Designing with 
Research 
Level 2 
Research Into Design 
Level 3 
Design as Research 
Methodology 
Research Domain Design domain Design process Usually design domain 
Purpose Produce good designs Understand design activity Understand research domain 
Primary Knowledge 
Goal 
Domain knowledge Design process knowledge Domain knowledge 
Example  (e.g. Kelder and 
Turner 2005) 
(Ehn et al. 1996) (Vaishnavi et al. 1997) 
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Level 1: Designing with Research 
At this level, the design domain is the research domain. The central aim of designing with research is 
usually the goal of building something for a social or practical purpose or to enhance design knowledge. 
Designing with research is carried out by experienced and enlightened designers in order to improve their 
fundamental designs and to deliver the best possible outputs for design.  Research is conducted to provide 
a scientific basis for the fundamental principles on which the design is founded to ensure that these are 
well grounded.  This helps strengthen the fundamentals of the design through a search into the 
background on which the research is based.  Discerning and enlightened designers are able to take these 
inputs and use them to illuminate the domain of the design. In designing with research, the designer 
brings his/her own general and design process knowledge, combines them with domain knowledge and 
uses a combination of scientific principles and creativity to generate a design solution based upon the 
requirements. As a result, domain knowledge is enhanced.  
An example that illustrates Level 1 is the research into the work of weather forecasters as a prelude to the 
design of a meteorological information system.  In this example, Kelder and Turner (Kelder and Turner 
2005) conducted cognitive ethnographical research leading to the discovery of the distributed cognitive 
nature of weather forecasting.  They learned how forecasters communicated and employed symbolic and 
mediating structures in their particular situations.  These discoveries enabled the designers to avoid the 
techno-centric design trap that arises from design-for-users rather than design-for-humans (Gasson 
2003). 
At this level, research regards the design domain, and it means the ethnographic research domain was the 
same as the design domain.  This example shows how designers bring their general, domain, and design 
process knowledge into their design activity and takeaway additions to their domain knowledge. 
Level 2: Research into Designing 
At this level, the pursuit of design knowledge is more from an academic, rather than a practice 
perspective.  The research domain is distinct from the design domain in that the process of design is 
studied in order to understand and improve the design activity.  Its purpose is to illuminate the design 
activity, creating scholarly knowledge about the human process of designing (design process knowledge).  
This relationship does not define a research methodology, but rather a research topic.  Consequently, it is 
open to the use of nearly all research paradigms and nearly any research methodology.  It may undertake 
the research of research-based design or practitioner-based design. Research into design may draw from 
parallel design fields and may study the design methodology, the actual design constructs, or the 
implications of design.  Research into design can be undertaken by researchers studying the design 
domain or by designers who intend to use the knowledge gained to improve their designs.  
“The Envisionment Workshop” project (Ehn et al. 1996) is an example of Research into Design.  This 
laboratory provided a design forum for participatory research where designers and architects worked 
collaboratively with users to develop realistic future workplaces using techniques such as prototyping, 3D-
animation, and modeling.  The project researched design at the horizon of actual and virtual reality to 
produce “illuminated” visions of the future.  This project highlights the process of research into design 
involving exploration of the design field in order to develop a higher level understanding of the procedure 
of design activity.   
Level 3: Design as Research Methodology 
Design as a research methodology is the use of design science as a means of creating domain knowledge 
about the design domain.  Research is usually conducted in the design domain and is potentially 
interventionalist in nature.  The potential for intervention arises in cases where the research leads, not 
only to a design outcome, but also to the instantiation of the design as an artifact that is introduced into 
the design domain.  Such instantiations mean that design science research outcomes will resemble field 
experiments or action research.  The research, design, and evaluation are influenced by the general and 
design process knowledge of the designer with the validation of the process often anchored to the practical 
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value of the design.  At this level, the research process and the design process merge, and result in 
knowledge about the design domain.   
The Smart Object Paradigm (Vaishnavi et al. 1997) is an example of design as a research methodology.  
The researchers investigated this alternative as a means of reconceptualizing ways to achieve the 
functionality required of operations support systems.  Part of their means for this investigation was the 
design and development of a Smart Object Language for the purpose of creating networks of smart objects 
that exchange data and control information.  Following the ideals of this paradigm, knowledge is 
contained in the network and managed in relation to environments.  The design of the language both 
embodies and exemplifies the paradigm.  The design process was part of the discovery process leading to a 
workable Smart Object Paradigm. 
The research and development of mid-range theory by Keuchler & Vaishnavi (2008) is another example of 
design as a research methodology.  Here the authors have demonstrated the process of using design 
research to create knowledge pertaining to the design domain by refining and extending kernel theory to 
develop a mid-range Design Science Research theory thereby illuminating the design domain.  The 
research domain in this case was the design domain and the purpose was to improve and produce 
knowledge pertaining to the design domain.  Thus, it satisfies the three guidelines associated with Level 3 
(Design as a research methodology). 
Guidelines 
The three levels provide a framework from which to derive a set of design guidelines for design science 
research where recognizing the level of the research can influence the effectiveness of the outcome.  There 
are essentially three guidelines.  The first deals with the proper relationship between the research domain 
and the design domain.  The second is with regards to establishing the purpose of the design.  The third is 
concerned with the primary knowledge goals.  However, these three guidelines vary depending on the 
level of the research.  Table 3 details the three versions of the guidelines. 
Guideline 1: Design as the means or the end in the activities 
The first guideline deals with the role of the design activity in research.  At Level 1, research activities are 
motivated by the need to support the design activity.  The design activity is paramount with the research 
activity a means to achieve a good design.  The subject (the domain) of the design and the subject of the 
research are exactly the same.  At Level 2, research activities grow more central, and are motivated by the 
need to understand the design activity.  The subject of the design activity and the research activity are 
different.  The design activity becomes the subject (the domain) of the research activity.  At Level 3, design 
activities are motivated by the need to support the research activity.  The subject of the design (the 
domain) will often (but not necessarily) be the subject of the research.  The research domain may only be 
related in some way to the design domain, such that the research domain is available for study through 
the design activity.  The research activity is paramount, and the design activity is a means to achieve a 
research outcome.  
Guideline 2: Design as the product, the subject, or the vehicle 
The second guideline deals with the role of the design outcome in relationship to research outcomes.  At 
Level 1, the design outcome is the product of both research and design activities.  This design outcome is 
the only major purpose in the work.  At Level 2, the purpose of the work shifts from the achievement of 
the design activity, and shifts onto the design activity itself as the subject of the research activity. Design is 
no longer the product of both design and research activities. Rather, it is the subject of the research 
activity.  At Level 3, the purpose of the work shifts mainly to the achievement of the research goals.  
Design activities become the vehicle for achieving research outcomes.   
 Baskerville et. al. / Unpacking the Duality of Design Science 
  
 Thirty Second International Conference on Information Systems, Shanghai 2011 11 
Guideline 3: Design knowledge contribution:  
The third guideline deals with whether the design knowledge (the knowledge embodied in the design) is 
central in the work activity, or marginal.  At Level 1, because the design outcome is the product of both 
research and design activities, the design knowledge and the research knowledge are the same.  By 
definition, the design knowledge and the research knowledge outcome are equivalent.  At Level 2, the 
actual outcomes of the design may indeed be marginal. The purpose of the work is to study the design 
activity.  The design knowledge outcomes are equally marginalized by the research activities.  At Level 3, 
because the purpose of the work shifts to the research aims, the design knowledge is also marginalized in 
the work activity.  The main knowledge contributions are fastened on the research outcomes.  
Table 3. Guidelines for the Design aspect of Design Science Research 
Level Guideline Description 
Guideline 1:   
The research domain 
should be the same as the 
design domain. 
The domain of the main knowledge-producing activities of 
the research should be the same as the knowledge domain 
of the intended environment of the design products.  The 
research should improve the useful value of the 
contemplated artifacts within its planned environment.  
Guideline 2:   
The purpose should be to 
produce good designs 
The design outcomes should be valuable, tangible and 
coherent.  The environment of the contemplated artifacts 
should be improved and the design problem should be 
resolved. 
Level 1: 
Designing 
with 
Research 
Guideline 3:   
The primary knowledge 
goal should be to produce 
knowledge in the 
research/design domain. 
The objective of designing with research is to have tangible 
outcomes in terms of delivery of domain knowledge. This 
knowledge contribution should be clear, succinct and 
measurable, and both distinct from, and yet incremental to, 
earlier efforts.  
Guideline 1:   
The research domain 
should be the design 
process. 
The domain of the main knowledge-producing activities of 
the research should be the process of design and the 
activities of the designers.  The research should improve 
the design processes themselves. 
Guideline 2:   
The purpose should be to 
understand design 
activities 
The main objective is to illuminate and understand the 
activities of the designers engaged in making designs. Level 2: 
Research 
into Design  
Guideline 3:   
The primary knowledge 
goal should be to produce 
knowledge in the design 
process. 
The objective of research into designing is to have tangible 
outcomes in terms of delivery of knowledge about the 
design process or the designers themselves. This knowledge 
contribution should be clear, succinct and measurable, and 
both distinct from, and yet incremental to, earlier efforts. 
Guideline 1:   
The research domain 
should usually be the 
same as the design 
domain. 
The domain of the main knowledge-producing activities of 
the research should be the same as the knowledge domain 
of the intended environment of the design products.  The 
research should improve the useful value of the 
contemplated artifacts within its planned environment. 
Guideline 2:   
The purpose should be to 
understand the research 
domain.   
The significant outcome is the knowledge about the natural, 
social, or artificial environment, problem space, or artifacts 
intended for the design products.  The objective is to 
understand and illuminate the knowledge domain of the 
intended environment of the design products.   
Level 3: 
 Design as 
Research 
Methodology 
Guideline 3: 
The primary knowledge 
goal should be to produce 
knowledge in the research 
domain. 
The objective of designing with research is to have tangible 
outcomes in terms of delivery of domain knowledge. This 
knowledge contribution should be clear, succinct and 
measurable, and both distinct from, and yet incremental to, 
earlier efforts. The researchers and designers draw upon 
general knowledge and design process knowledge to 
illuminate the design domain.  
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Discussion 
This research is intended to aid researchers in understanding design and how it differs from other forms 
of science by unpacking the dual notions of design and science, thus bringing to the forefront, the 
important, yet often overlooked, aspect of design in design science research.  Design is a complex activity.  
The unpacking helps to simplify this complexity by identifying the different levels of design and providing 
explicit guidelines for the design aspect of design science research.  These guidelines are driven from the 
recognition of designer knowledge. 
Much of the recent work in information systems design science research falls into Level 3, where design is 
used as a research activity.  In particular, there may be an expectation that design science operates only at 
an abstract, general level, such that the design activity is operating on a class of problems and yielding a 
class of design outcomes (Walls et al. 1992).  Design in the abstract is design nevertheless.  However, if we 
establish this abstract/class notion as a definitional requirement for design science, we might exclude 
both Level 1 and Level 2 from the realm of design science.  Such exclusion, however, will clearly not carry 
far, since the foundations of design research and the sciences of the artificial lay in such design studies.  It 
is not logically possible to exclude design research and design science from itself. 
The three design science levels relating design and research may indeed operate universally across a wide 
variety of different approaches to the science of design. This universality may arise because the 
relationship between design and research occurs whether the approach is focused on a general design for 
a class of problems (Walls et al. 1992), or more narrowly focused on a more singular or local problem 
(Järvinen 2007).  This distinction has also been called macro versus micro design science approaches 
(Fischer 2011).  Indeed, the notion of local design science (micro) is generally coherent with Level 1 
(design with research) while problem-class oriented design science (macro) is generally coherent with 
Level 3 (design as research methodology).  For example, van Aken (2004) promoted the use of 
technological rules as a form of management design science.  Because these technological rules are more-
or-less abstract or problem-class-oriented, their design is coherent with Level 3.  This coherence supports 
van Aken’s position that the design of technological rules is a form of design science with good potential 
for application in management. 
The three level analysis of design science research may also have parallels with action research.  For 
example, Level 1 (local or micro) action research is acknowledged as a primary means of practical 
organizational development and consulting (Lippitt and Lippitt 1978; Schein 1969).  Level 3 (class-
oriented or macro) action research is reflected in the original, and more theory-development-oriented 
form (Lewin 1947; Susman and Evered 1978).  As with design science, there is also a considerable body of 
work about action in social settings (e.g. Schön 1983), that would qualify as Level 2. 
The admission of Level 1 to the realm of design science is admittedly debatable.  Level 1 is certainly a 
design study, but it does not necessarily operate with abstract/class kinds of elements.  It deals with 
designing in a scientific manner, much like “scientific” management or “scientific” farming.  It is a point at 
which science serves design practice.  While it may be liberal to do so, any strong conceptualization of 
design science research needs at least to establish a placeholder in the margins for “scientific design”.   
This framework provides a way to compare the role of research in relationship to design and recognition 
of the role of design, which is fundamental to the design discipline and which has been studied extensively 
in other domains for a long time. The significance of knowledge is present in, but not central to, existing 
design science research (Hevner et al. 2004). The implications of this research are to articulate the 
significance of “design” in design science, to bring the notion of design to the forefront and to propose a 
framework which provides clarity regarding the relationship between design and research.  This is useful 
from the perspective of researchers and designers as well as practitioners.  This research can help 
researchers and designers determine the appropriate approach to their research through a parsimonious 
set of guidelines that relates process of design within design science.  During the research planning and 
conceptualization process, these guidelines can help design researchers to set the objectives (the purpose) 
of the research in terms of its level.  It will also help them to identify the knowledge requirements (their 
research domain).  These guidelines also help researchers to condition their goals in keeping with the level 
at which they have planned and conceptualized their design research process. 
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One problem broached in the relationship between design and research is the conceptual union of 
different mental faculties.  Design is often a creative and generative mental activity, while science is often 
deductive and analytical.  It “subsumes a reality that is inherently non-propositional (generative design as 
a mode of art production) under the domain of a propositional activity (analytical research) which raises 
logical difficulties” (Groat and Wang 2002, p. 105-106).  More research is needed to examine the potential 
logic problems at each of the three levels.  Future research is also needed to empirically test the use of the 
nine guidelines in information systems design science research projects perhaps using available 
methodologies such as action design research (Sein et al. 2011) or soft design science (Baskerville et al. 
2009).  The work above also leads to further investigation and analysis of other key perspectives of design 
knowledge such as creativity, complexity and innovation. 
Conclusion 
With an increasing focus on research rigor, the important aspect of design in design science research has 
often become marginalized.  This paper has investigated the significance of the design process, 
highlighting the role of designer knowledge in the design activity.  Related areas of design, such as 
engineering and architecture, have heavily influenced the investigation.  By doing so, this research 
unpacks and articulates the duality of the design and science aspects of design science and brings the 
importance of design into better balance with science.  Key concepts such as design knowledge, domain 
theories, design rationales and design patterns have highlighted the importance of the designers’ 
knowledge in the design process. Thus, the role of the designer, and his or her knowledge and experience, 
are instrumental in defining the overall design.   
A three-level framework defines the relationship between design and research. Considering this 
relationship more closely is beneficial since it can narrow the gap between rigor and relevance, providing 
a theoretical basis for the pursuit and advancement of design science research relating to management 
information systems. Lastly, the insights from this investigation into the role of design lead to a useful set 
of research guidelines.  
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